In cardiovascular research, translation of benchtop findings to the whole body environment is often critical in order to gain a more thorough and comprehensive clinical evaluation of the data with direct extrapolation to the human condition. In particular, developmental and/or pathophysiologic vascular growth studies often employ in vitro approaches such as cultured cells or tissue explant models in order to analyze specific cellular, molecular, genetic, and/or biochemical signaling factors under pristine controlled conditions. However, validation of in vitro data in a whole body setting complete with neural, endocrine, and other systemic contributions provides an essential proof of concept from a clinical perspective. Several well-characterized experimental in vivo models exist that provide excellent proof-of-concept tools to examine vascular growth and remodeling in the whole body. This paper will examine the rat carotid artery balloon injury model, the mouse carotid artery wire denudation injury model, and rat and mouse carotid artery ligation models with particular emphasis on minimally invasive surgical access to the site of intervention. Discussion will include key scientific and technical details as well as caveats, limitations, and considerations for the practical use of each of these valuable experimental models.
Introduction
Translation of basic research discoveries to clinical efficacy and utility requires experimental models that encompass the whole body environment complete with neural, hormonal, endocrine, and other systemic contributions from associated cell and tissue types. All of these factors potentially influence the outcomes witnessed when using in vitro preparations and single cell or isolated tissue model systems. Particularly regarding vascular growth and remodeling studies, numerous experimental animal models in a variety of vascular beds have been used over the years as proof-of-concept in vivo approaches. Considering the carotid artery as a model system, several rodent-based approaches are widely used and accepted as clinically relevant in terms of examining the in vivo responses to injury-induced growth and remodeling. The rat carotid artery balloon injury model utilizes mechanical damage caused by a balloon catheter which results in mural distension and removal of the intimal endothelial lining. The mouse wire injury model uses an angiocatheter guide wire to remove the endothelial lining and denude the vessel in the absence of medial wall distension. Ligation experiments, using the common carotid artery or one of its branches, result in full or partial flow obstruction with resultant hemodynamic perturbations. All of these models elicit reproducible vessel growth and remodeling responses characterized by vascular smooth muscle (VSM) cell dedifferentiation and alteration into a synthetic and proliferative phenotype concomitant with recruitment of resident and circulating cells and endothelial cell mitogenesis. These multifactorial growth processes eventuate in the establishment of a stenotic neointima in time-dependent fashion. These models then provide valuable approaches to analyze growth and remodeling under in vivo conditions that can be used to validate and substantiate in vitro results.
The rat carotid artery balloon injury model, originally described by Clowes and colleagues [1] [2] [3] [4] and subsequently comprehensively characterized by our lab [5, 6] and others, has been utilized in a wide variety of basic and clinical science research projects. In brief, this approach involves 2 ISRN Minimally Invasive Surgery surgical access to the common carotid artery and carotid artery bifurcation, isolation of a segment of the vasculature including the external carotid branch, creation of an arteriotomy on the external carotid for luminal intervention, and insertion of a balloon catheter into the common carotid to elicit the injury. The adaptive response to this injury involves VSM cell proliferation, migration, and apoptosis, partial endothelial cell regeneration, medial and adventitial thickening, enhanced neointimal and medial fibrosis, and establishment of an invasive neointima.
The mouse wire denudation injury model was developed by Lindner et al. [7] , Sullivan Jr. et al., and Iafrati et al. [8, 9] and consists of carotid artery access and isolation, establishment of an external carotid arteriotomy, and insertion of an angiocatheter guide wire to elicit endothelial denudation and removal of the intimal layer through the length of the common carotid artery in the absence of medial wall distension. The growth response following this injury is characterized by rapid platelet adherence to the subendothelial matrix and intimal and medial VSM cell proliferation and migration in the presence of patent arterial flow, eventuating in a concentricneointima by 2 to 4 weeks. Repair of the endothelial lining is normally completed by 4 weeks after the injury due to endothelial replication and migration from the border zones.
Several distinct carotid artery ligation models also exist that elicit varying degrees of flow alteration and arterial remodeling. Ligation of the common carotid artery ceases blood flow through the common carotid and downstream branches and eventuates in robust medial VSM cell proliferation and neointimal and medial wall growth with reduced vessel caliber in the presence of intact endothelium [10, 11] . Ligation of the external carotid artery branch significantly reduces arterial flow through the common carotid artery and results in flow-mediated reduction in lumen diameter and medial wall mass along with decreased VSM cell replication and elastin content [12, 13] . Combined, these three models and their variations permit in vivo analyses of injury-induced vessel growth and remodeling from mural distension and endothelial removal, from endothelial denudation without vascular distension, or from flow-mediated changes and hemodynamic alterations in the face of an uncompromised vessel wall.
All of these procedures require carotid artery vascular access as an initial component of their minimally invasive interventions. Although "vascular access" has historically referred to luminal catheterization for purposes of delivering therapeutic agents such as chemotherapy or antibiotics or for blood transfusions, a broader definition of "vascular access" is surgical intervention for purposes of exposure and isolation of a vessel segment for subsequent intervention and/or manipulation. In this light, these experimental models require vascular access of the common carotid artery and/or their internal and external arterial branches in order for subsequent vessel injury or ligature installation. This paper focuses on minimally invasive surgical aspects of vascular access and experimental protocols for rat and mouse carotid artery injury and ligation models.
Materials and Methods
We have recently published comprehensive, step-by-step experimental protocols and details for the rat carotid artery balloon injury model [5] along with associated histomorphometric analyses for rat and mouse arterial injury studies [6] . The reader is advised to consult these works for expanded discussion of these methodologies. For the rat models, a variety of strains has been utilized over the years with the most common strain being Sprague-Dawley (Harlan). Male rats are preferred due to the potential impact of hormones on cellular function that could impact growth responses [11] . Also, varied animal body weights have been used, but it is critical that a narrow range of weights are used (suggested a range of 350-450 grams) within any particular study to avoid inherent variation in basal vessel caliber. Our experiments generally use a range of 425-475 grams body weight. Unless experimental protocol dictates otherwise, rats are kept on standard rodent chow and water ad libitum perioperatively.
For the mouse models, a variety of background strains has been used per specific experimental strategies, and body weights generally range from ∼18 to 25 grams (20-25 weeks of age), with certain protocols using mice up to 30 grams body weight. Again, keeping the body weight within a narrow range minimizes inherent variation caused by differences in basal vessel caliber. Unless otherwise needed, mice are kept on standard rodent chow and water ad libitum. Lastly, even though a vast majority of these surgeries are performed on the left carotid artery, the right carotid artery can be used as well. However, the left carotid artery presents a longer section for intervention and is the vessel of choice for this author and many other investigators. If one chooses to use the right carotid artery, keep in mind that it branches off the innominate (brachiocephalic) artery after bifurcation from the aortic root and so presents with a shorter vessel segment for intervention. Also, the proximal innominate artery is not suitable for manipulation (as an extension of the right common carotid) due to larger resting caliber.
Aseptic and Sterile Practices.
Per institutional guidelines, sterile instruments and solutions and a sterile surgical field and surgical attire (scrubs, gloves, facemasks, head and hair covering, and/or surgical gown) are required for survival surgery. Sterilization is commonly performed on these items using an autoclave, gas (ethylene oxide), dry heat via a glass bead sterilizer, and/or chemical treatment. Aseptic technique using sterile instruments and practice is then used for all survival surgeries.
Vascular Access.
Following sedation to a surgical plane, rats or mice are laid supine on a sterile surface, legs are gently retracted, the neck area is shaved and cleansed with alternating skin disinfectant (i.e., chlorhexidine) and ethanol scrubs, and the surgical area (neck) aseptically draped to help prevent contamination at the surgical site. Using sterile sharp/blunt serrated-edge scissors, a straight incision is made centrally in the neck region from just below the chin to the top of the sternum just above the ribcage. Using sterile medium hemostats and/or dull forceps, the skin on both sides of the incision is separated and blunt-dissected and the underlying tissue dissected away from the skin circumferentially around the entire incision wound. Next, using sterile medium sharp/sharp scissors, the fascia overlying the glandular tissue is separated to expose the underlying glands, which are then gently dissected apart via blunt dissection to expose the muscular layer. As most carotid artery surgeries use the left carotid artery, the longitudinal left aspect of the central and adjacent muscular tissues is blunt-dissected apart and retracted. With continued blunt dissection, the left common carotid artery and the distal aspect of the carotid artery cephalic to the internal and external bifurcation are isolated and made free of overlying fascia and adjacent nerves. Keep in mind that the vagus nerve resides immediately adjacent to and sometimes on top of the carotid vasculature and so careful practice should be made to avoid manipulation of this and all associated nerves (including the carotid body nerve plexus at the bifurcation). Once the vessel segments are isolated and freed of fascia, the appropriate placement of sutures will depend on the desired method of vascular intervention. For the rat carotid artery balloon injury and mouse wire injury models, three sterile sutures are placed around the common and external carotid artery branch in order to isolate a segment for vascular intervention (see Figure 1 ): one suture proximal is on the common carotid (No. 1 in Figure 1 ), one is on the external carotid branch immediately distal to the bifurcation and loosely looped (No. 2 in Figure 1 ), and one is as distal as possible on the external branch and loosely looped with one long end used for retraction (No. 3 in Figure 1 ). Also, if arterial branching (including ascending pharyngeal, occipital, and superior thyroid arteries) off the external carotid artery is observed and is readily accessible, these should be ligated using sterile suture in order to avoid retrograde flow. If conducting carotid artery ligation/flow disruption models, placement of these sutures may differ from those depicted in Figure 1 . In fact, in the ligation models, placement and ligature of a single or multiple sutures is the cause for the growth stimulus, whereas in the balloon injury and wire injury models, the ligations are used simply to control blood flow in order to perform the injury. Whether the balloon injury, wire injury, or ligation models are used, at this point, all sutures should be set and untied. Throughout all procedures, the level of sedation of the animal should be routinely checked, and all exposed tissues should be kept moist using sterile saline or sterile solution of choice.
Rat Carotid Artery Balloon Injury Model.
The most distal suture on the external branch (No. 3 in Figure 1 ) should be tied first using a double knot, and the long end of this suture should be retracted cephalically. Next, using the suture on the common carotid artery (No. 1 in Figure 1 ), gently "tent up" the vessel and place an arterial clamp on the common carotid artery as proximally as possible. All blood flow (minus potential retrograde flow via the internal carotid artery branch or other unligated branches) should be stopped at this point. Isolating a section on the external carotid artery and using sterile small microscissors, perform a transverse arteriotomy on the external branch (see arrow in Figure 1 ) and carefully maintain hemostasis. If desired with the assistance of a guiding trocar (a sterile 18-gauge ultrathin walled needle), insert uninflated 2 French arterial balloon embolectomy catheters (Edwards Lifesciences) through the arteriotomy and down the entire length of the common carotid artery to the aortic arch (obviously at this point the clamp on the common carotid has been removed). Slowly inflate the balloon to a predetermined volume (suggested 0.02 mL) or pressure (∼2.0 atm) manually (via syringe) or with the use of a perfuse-inflation device and barometer. Clamp the syringe (via stopcock) or set the inflation device to maintain balloon inflation pressure and withdraw the inflated balloon distally with rotation along the entire length of the common carotid artery to just immediately proximal to the bifurcation. Deflate the balloon and repeat this procedure two more times for a total of three passages of an inflated balloon through the common carotid to ensure complete and reproducible removal of the endothelial lining and nonbiased distension of the vessel wall. Following the last passage of the balloon, deflate and withdraw the balloon through the arteriotomy and immediately tie off the last remaining suture two times (No. 2 in Figure 1 ) that had been looped around the external branch but not tied up to this point to ensure adequate hemostasis. Check the common carotid artery for pulsatility and patent blood flow and inspect all vasculature for bleeding paying particular attention to the external branch and the site of the arteriotomy. Following adequate hemostasis, remove all remaining sutures. Place overlying tissues on top of the carotid vasculature in layers; close and suture glandular tissue using sterile suture making sure to double-knot and tuck both ends. Close the skin incision using the method of choice (we find sterile skin staples as the best option), swab with an antiseptic/bactericide agent if desired, and continue with postoperative care as needed. Pertinent to a specific research strategy, plan the next series of experiments accordingly to obtain relevant vascular tissues for use in histology, expression analyses, or other endpoint analyses as desired.
Mouse Carotid Artery Wire Denudation Injury Model.
Following vascular access and establishment of an external carotid arteriotomy, with or without use of a surgical stereomicroscope (based on surgeon's experience), an angiocatheter guide wire (∼0.35 mm diameter) is inserted through the arteriotomy site, advanced down the length of the common carotid artery to the aortic arch, and then withdrawn thrice with rotation to efficiently and circumferentially remove the endothelial lining along the entire length of the common carotid artery. The wire is removed, and the suture on the external branch is tied twice to ensure hemostasis. All untied sutures are removed, and the tissues and skin closed in layers as described for the rat model.
Rat and Mouse Carotid Artery Ligation Models.
Following vascular access and isolation of the common carotid artery and its branches as described above, full or partial flow obstruction can be made depending on the site of ligature placement. Ligation of the common carotid artery immediately proximal to the bifurcation results in complete blockage and stagnation of carotid artery blood flow as described in [11] . Alternately, one may choose to ligate only the external carotid artery branch just distal to the bifurcation, thereby reducing common carotid artery blood flow to internal carotid artery levels [12, 13] . Lastly, although not a focus of this paper, if an investigator chooses to ligate one or several of the smaller vessels that branch off the external carotid artery such as the ascending pharyngeal, occipital, and/or superior thyroid arteries, only those vessels of interest should be ligated at this point to induce flow obstruction [15] .
Histology and Endpoint Analyses.
Per specific requirements of any particular experimental strategy, endpoint analyses for carotid artery injury studies commonly include short time points (≤72 hours) on fresh, snap-frozen, or perfusion-fixed tissues for evaluation of mechanistic factors that contribute to growth adaptations and longer time points (generally 2 weeks for rats; 2-4 weeks for mice) for evaluation of growth-specific remodeling parameters relevant to the nature of the intervention. As we have recently described in detail [6] , histomorphometry can be performed on vascular sections following establishment of these models in order to obtain indices of arterial growth and remodeling such as lumen area, perimeters of the internal and external elastic laminae (to estimate vessel expansion and changes in adaptive vessel caliber), and area and thickness of the neointima, medial wall, and adventitia.
Several common histological approaches for use in rodent vascular injury and growth studies are hematoxylin and eosin (H&E) and Verhoeff-Van Gieson staining. Regarding H&E, hematoxylin stains nucleic acids blue/black, while eosin stains collagen pink and cellular cytoplasm red. In brief, perfusion-fixed tissues are deparaffinized and rehydrated and are stained with a hematoxylin of choice (Mayer's 10-20 min; Ehrlich's 20-45 min), rinsed in tap water until sections colordifferentiate and turn blue (≤5 min), further differentiated in 1% acid alcohol (1% HCl in 70% ethanol) for 5-10 sec, rinsed in tap water again, then stained in 1% eosin for ∼10 min, rinsed, dehydrated, and cover-slipped. Results from H&E staining are blue/black nuclei, red/pink cytoplasm, deep pink muscle fibers and fibrin, and red/orange red blood cells. Verhoeff-Van Gieson staining uses a combination of ferric chloride hematoxylin with an iron mordant along with an acid fuchsin/picric acid solution for elastin and collagen staining. In brief, deparaffinized and rehydrated tissues are stained in Verhoeff 's solution (4% alcoholic hematoxylin (20 mL), 10% aqueous ferric chloride (8 mL), 2 grams of Lugol's iodine, 4 grams of potassium iodine, and 100 mL distilled water (8 mL)), washed in warm tap water and differentiated in 2% ferric chloride, washed and counterstained in Van Gieson solution (1% aqueous solution of acid fuchsin (10 mL), saturated aqueous solution of picric acid (200 mL)), and dehydrated. Results from Verhoeff-Van Gieson staining are intensely blue/black elastic fibers, blue-to-black nuclei (based on variables for hematoxylin staining), and red collagen with fat and nerves and associated tissues staining yellow. Representative photomicrographs of H&E-and Verhoeff-Van Gieson-stained rat and mouse carotid artery cross-sections are shown in Figures 2, 3 , and 4.
Results

Rat Carotid Artery Balloon Injury Model.
Histopathological assessment of neointimal development and vascular growth and remodeling is generally obtained 2 weeks following the injury in the rat balloon model. Figure 2 shows the representative whole artery cross-sections following Verhoeff-Van Gieson histological staining on rat uninjured (a) or balloon-injured (c) left common carotid arteries. In this staining procedure, the Verhoeff component stains elastin fibers black (primarily in the elastic laminae), and Van Gieson stain is specific for collagen and colors it red (primarily the adventitia). In the uninjured vessel (a), a patent lumen (L) and a single cell layer thick intima (arrow) are observed with a VSM-rich medial wall layer and collagenrich adventitial tissue. In the injured artery (c), a significantly reduced stenotic lumen and a robust concentric neointima (Figure 2(d) ).
Mouse Carotid Artery Wire Denudation Injury Model.
Tissues from this surgery are generally obtained between 2 and 4 weeks after the injury depending on the nature of the data evaluation. Figure 3 shows mouse artery cross-sections with/without carotid artery wire denudation: Figure 3 
Ligation Models.
Rat and mouse ligation models can partially or fully obstruct proximal blood flow and resultant hemodynamic forces depending on the nature and site of ligature placement. When using a full common carotid ligature, one must be aware that the extent and nature of the ensuing remodeling response will be directly dependent upon the precise site of tissue harvest in relation to the exact site of ligature placement. In other words, if the ligature is placed immediately proximal to the internal/external bifurcation to cease all common carotid arterial flow, then the more proximal one moves along the length of the common carotid artery, the less robust the remodeling response becomes. This is due to reducing levels of flow stagnation the further one moves away from the ligature site. This caveat is apparent in the photomicrograph examples shown in Figure 4 which depict cross-sections from mouse carotid arteries following full flow obstruction via a common carotid artery ligation. 
Discussion
Clinical inference of basic science research findings often necessitates the use of in vivo models to test and validate in vitro results. Additionally, in the whole body environment input from associated elements such as diverse resident cells, circulating cells including progenitor stem cells and inflammatory mediators and systemic factors including endocrine, hormonal and neural signals are considered that cannot realistically be found in controlled in vitro isolated cell or tissue environments. Thus, in vivo proof-of-concept approaches are critically essential and clinically necessary for the translation of benchtop science to the human condition. The in vivo models described herein constitute established approaches to examine the in vivo responses to vascular injury and ensuing growth and remodeling processes and thus serve as highly valuable experimental tools. Access to the common carotid artery and its branches and experimental perturbations via medial wall distension, endothelial denudation, and/or hemodynamic changes facilitates the study of numerous growth and remodeling events in the intact system. Successfully isolating this area of the vasculature exposes the common carotid and the internal/external bifurcation and allows researchers to execute a multitude of advanced techniques including balloon injury, endothelial denudation, partial or complete flow obstruction, or adventitial cuff placement. Though these models are well-studied, the methodologies for swiftly, safely, and accurately accessing the left common carotid artery and detailed protocols of these experimental models are not sufficiently characterized in the literature. Therefore, in this report we provide a detailed discussion of these models and surgical protocols with emphasis on the initial access to and subsequent experimental intervention of the carotid artery vasculature.
The rat carotid artery balloon injury model is perhaps the best characterized and most commonly used rodent model for vascular growth and remodeling studies. Methodologically consisting of carotid artery access and isolation 8 ISRN Minimally Invasive Surgery of the carotid artery vasculature followed by insertion of a balloon embolectomy catheter through an external branch arteriotomy, this approach entails catheter-induced endothelial denudation and medial wall expansion. The adaptive response to this injury involves vascular cell dedifferentiation into synthetic phenotypes and is typified by VSM cellular replication and migration, VSM cell apoptosis and necrosis, enhanced synthesis and deposition of extracellular matrix (ECM) components, vascular endothelial regeneration from the border zones, luminal stenosis, and establishment of a neointima in time-dependent fashion. Vascular cell synthesis normally proceeds until the intimal lining along the entire length of the denuded region is reendothelialized and restored. Thus, this model can be used to examine both vascular cell proliferation and growth and gross vessel wall remodeling along with endothelial cell regeneration and intimal reestablishment.
Several caveats exist, though, regarding the rat carotid artery balloon injury model that require brief discussion. Although a primary emphasis of research being performed in our laboratory is the role of VSM in mediating growth and remodeling responses including the rat balloon injury model [5, 6, 14, [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] , in diseased human vasculature, a mixed population of VSM cells and vascular endothelial cells, macrophages and other inflammatory cells including Tcells, and circulating progenitors such as stem cells interact to regulate the growth response to inimical stimuli. This multifactorial nature of the response to disease and/or injury is a positive attribute of the rat model whereby an investigator can examine these disparate cell types in a whole body setting, either independently or in concert with the full in vivo milieu. In addition, anatomical constraints of rat vasculature compared to vasculature in other species including humans consist of a lower percentage of medial wall elastin, a condensed subintimal layer, and a lack of a significant vasa vasorum [26] . Regarding the experimental protocol, the degree of balloon inflation will directly determine extent of vascular injury and the ensuing growth response as well [27] . Thus, consistency and reproducibility of balloon inflation within and between animals in any particular cohort within any particular study are essential and must be maintained. Despite these potential limitations, the rat balloon injury model is a valuable tool to study diverse growth-regulatory mechanisms under in vivo conditions.
The arterial wire denudation injury model also represents a valuable tool to examine growth-specific indices in the whole body. As mentioned, methodologically, this approach consists of passing an angiocatheter guide wire through the common carotid artery to remove the intimal endothelial lining in the absence of medial wall expansion. Rapid platelet adherence to the subendothelial matrix and VSM and endothelial cell proliferation and migration in the presence of patent arterial flow characterize the response, which results in formation of a concentric neointima between 2 and 4 weeks after the injury. Similar to the rat model, this approach allows analyses of both VSM and vascular endothelial cell growth responses. Importantly, this as well as the mouse vascular ligation models described below makes use of genetic tools that have been developed over the years. A vast number of transgenic mouse models have been developed for a wide array of growth-regulatory factors that allow non-pharmacologic means to ablate specific elements in the growth response. These tools circumvent potential offtarget and specificity/selectivity concerns regarding pharmacotherapy while utilizing global and/or tissue-specific, even conditional, ablation of specific elements, thus representing significant advancement over previously used approaches. Regarding the ligation models, a unique appeal for these approaches is that they have the ability to modify flowdependent variables (shear stress, turbulent versus laminar flow, etc.) in the presence of an unperturbed vessel wall. Depending on the exact site of ligature placement, these models also allow varying degrees of flow modulation in vivo and can be used to complement in vitro flow viscometry or other flow-modifying approaches.
A general caveat of the rat and mouse models is that, unless previously established in a priori fashion via diet, pharmacology or choice of a genetic model is usually performed on otherwise normal eutrophic blood vessels that lack preexisting atherogenic or vasoproliferative pathologies. This is in contrast to clinical balloon angioplasty or other luminal interventional or endarterectomy procedures performed on diseased vasculature in humans. Although the response of healthy vessels to vascular intervention involves many of the same cellular, biochemical, and molecular signals that are involved during vascular pathogenesis, these are independent processes and should not be confused. Anatomically, variation can exist in the exact location of the common carotid artery bifurcation. In most animals, the branch point for the internal and external carotid arteries occurs on the distal common carotid at a site that provides straightforward access to the external branch for surgical intervention; however, in some animals the bifurcation occurs more cephalically, thus making a shorter segment on the external branch for vascular access. Indeed, interanimal variation not only in the response to surgical intervention but also in the exact geometry of the carotid vasculature must be considered.
Although not the focus of this paper, one should also keep in mind that alternate carotid artery injury models exist that could also serve as complementary proof-of-concept in vivo approaches specific to the nature of the study. These include a perivascular adventitial cuff method [28] [29] [30] , perivascular electrical shock [31] , or partial flow obstruction through ligation of the internal, external, and/or occipital branches [15] . Indeed, among these various animal models, investigators must choose carefully the most appropriate and relevant approach to replicate their in vitro findings.
Conclusions
In summary, herein we characterize the rat carotid artery balloon injury model, the mouse carotid artery wire denudation model, and rat and mouse carotid artery ligation models that have the capacity of translating in vitro findings to the whole animal. These interventional models require surgical vascular access and manipulation of the left common carotid artery and associated vasculature and provide researchers with the ability to study various cellular and molecular pathways that can be anatomically related to events that occur in the human condition. Thus, these experimental models represent practically and clinically significant in vivo approaches that can be used to complement and validate in vitro findings in a whole body setting with the hopes of recapitulating many of the biophysical, cellular, and molecular mechanisms elemental in vascular growth responses. Indeed, these excellent proofof-concept approaches are essential to our understanding of basic science findings and their true translational and clinical significance.
